A case of congenital occipitoatlantoaxial malformation (OAAM) in a lamb
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The congenital occipitoatlantoaxial malformations (OAAM) have been recognized as an uncommon cause of para-and tetraparesis in humans 9 cattle, 7, 17, 18 horses, 4, 8, 16, 19, 20 sheep, 3,10 a dog, 14 and a cat. 15 The malformations of the craniovertebral axis usually involve fusion of the atlantooccipital joint and malformations of the cervical vertebrae. These cervical vertebral alterations include hypoplasia of the dens on the axis and subluxation of the atlantoaxial joint. [7] [8] [9] 14, 15, [17] [18] [19] [20] This report describes a case of OAAM with atlantooccipital fusion in a lamb.
A 9-week-old female Suffolk-cross lamb was presented for necropsy following an 8-week course of tetraparesis. Two months prior to necropsy, the lamb became spooked, ran, and crashed head-on into a fence. Thereafter, the animal was tetraplegic and deteriorated steadily. The lamb was unable to stand, but could slightly move all 4 limbs. This animal was euthanized and immediately necropsied.
The necropsy findings revealed an atrophic muscle mass. The dorsal and transverse spinous processes of the vertebral column were easily palpable through the wool and skin. Sagittal section of the head and cervical axial skeleton revealed that the atlas was fused with the occipital bone of the skull. There was stenosis of the cervical spinal canal between C 1 and C 2 and absence of the dens on the axis. No other significant soft tissue macroscopic lesions were observed in this animal.
The macroscopic skeletal findings, following maceration, revealed severe anatomical alterations of the skull, atlas, and cervical vertebrae. The skull was characterized primarily by fusion of the basioccipital bone and the atlas (Fig. 1 ). The other changes of the skull included absence of the occipital condyles, fusion of the right jugular process with the right wing of the atlas, absence of the condyloid foramen on either side in the occipital bone, and presence of a lateral vertebral foramen dorsal to the internal opening of the hypoglossal canal. The atlas was characterized by normal alar foramina on both sides and asymmetry of the caudal fovea. The axis was characterized by a shortened dorsal spine, absence of the dens, an asymmetrical cranial articular surface (Fig. 2) , and presence of a complete lateral vertebral foramen on the right and an incomplete foramen on the left. The incomplete foramen on the left was incorporated into the cranial vertebral incisure.
The remaining cervical vertebrae and first two thoracic vertebrae, except C 5 , were characterized by malformations and fusions. The body of C 3 was fused to the transverse process of C 4 on the left side ( Fig. 3 ). The right side of C 6 had a slightly underdeveloped lamina ventralis. The left side of C 6 , which should have had a lamina ventralis, had a transverse process with dorsal and ventral tubercles similar to those found on a normal C 5 . The right side of C, appeared normal, but the left side had a transverse process with dorsal and ventral tubercles and a transverse foramen (Fig. 4) . The spinous processes of T 1 and T 2 were fused ( Fig. 5 ).
The representative areas of the cranial cervical spinal cord were fixed in 10% neutral buffered formalin and processed for light microscopy. Six-micrometer sections of paraffinembedded spinal cord were stained with hematoxylin and eosin (HE), Masson's trichrome, Bodian's silver stain, luxol fast blue/cresyl echt violet, and phosphotungstic acid hematoxylin.
Microscopic examination of cranial cervical spinal cord revealed degeneration of both the white and gray matter. The white matter changes included loss of myelin and axons. The gray matter changes involved the dorsal horns and included neuronal loss, Gitter cell infiltration, and proliferation of spindle-to-stellate-shaped mesenchymal and astrocytic cells.
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A few multinucleate cells were present. The central canal was compressed and partially obliterated by these cells.
Atlantooccipital fusion has been reported in 2 other lambs. 3, 10 One was a 5-month-old ram that was ataxic, had seizures, and had restricted head and neck movement. 3 Mac- roscopically, there were fusion of the atlantooccipital joint and asymmetry of the atlantoaxial joint. Microscopically, the spinal cord contained extensive astrocytic proliferation within the white matter. The microscopic changes resulted from compression of the spinal cord secondary to subluxation of the atlantoaxial joint. The second report described occipitalization of the atlas with complete fusion of the atlas with the occipital bone in a sheep. 10 The animal was asymptomat-There are 2 reports of cervical vertebral malformations in lambs. One case involved a 2-month-old lamb with quadriplegia. 13 The lesions were hypoplasia of the dens on the axis, shortening with angulation of C 5 vertebral body, and narrowing of the spinal canal at the C 4-5 interspace. In the other case, a 10 1/2-month-old ram had malformations of the vertebral body of C 3 , along with narrowing of the spinal canal at the C 2-3 and C 3-4 interspaces. 12 The microscopic findings in the spinal cord were malacia, fibrillary gliosis, Wallerian degeneration, and Gitter cell formation. The lesions in these cases could have been due to congenital defects, ovemutrition, or injury. 12, 13 In this case report, the ovine skeletal lesions were similar to the congenital OAAM described in other species. 4, 7, 8, 14, 15, [17] [18] [19] [20] The clinical signs and microscopic changes resulted from the traumatic subluxation and spinal cord compression at the atlantoaxial joint caused by striking the gate. The atlantooccipital joint fusion and other malformations of the craniovertebral axis were congenital and probably represent an abnormal pattern of fetal axial skeletal development.
An extended differential diagnosis for this case could include a fetal infection with a teratogenic virus, the ingestion of toxic plants by the dam, severe vitamin D imbalance, and a variation of spider lamb syndrome.
The teratogenic viruses are akabane virus, Cache Valley virus, border disease virus, and bluetongue virus. 5, 6, 11 The akabane disease virus and Cache Valley virus (bunyaviruses) cause epizootics of arthrogryposis-hydranencephaly complex, central nervous system malformations, musculoskeletal defects, abortions, mummifications, stillbirths, and weak lambs. 5, 6 The border disease virus (Pestivirus) has been responsible for epizootics of neonatal intracranial central nervous system malformations, skeletal abnormalities, and hairy birth coats. 5, 6 The bluetongue virus (Orbivirus) has been responsible for epizootics of hydranencephaly and porencephaly in neonatal lambs from ewes exposed to the virus 6, 11 The fetopathogenesis of a transplacental teratogenic viral infection results from the virus infecting the fetus early in gestation and causing necrosis and inflammation of the developing nervous and musculoskeletal tissue. 5, 6, 11 The cytopathic changes and inflammation in the developing tissues alter normal morphogenesis to cause the central nervous and musculoskeletal system malformations. The teratogenic viruses are confirmed by seroepidemiological studies of ewes' serum and fetal heart blood from flocks undergoing epizootics of neonatal malformations. 5, 6 The teratogenic plants include Astragalus spp., 1, 6 Oxytropis, 1, 6 Conium maculatum, 1 Nicotiana glauca, 1 Lupinus formosus, 1 and Veratrum californicum. 6 These plants are found in the western USA and are responsible for abortions, arthrogryposis, and craniofacial malformations in fetuses and neonates.
The locoweeds of the genera of Astragalus and Oxytropis contain the alkaloid swansonine, an alpha-mannosidase inhibitor which induces vascular resistance and vasoconstriction in the fetus. 1, 6 Conium maculatum, Nicotiana glauca, and Lupinus formosus contain piperidine alkaloids and cause congenital contracture-type skeletal malformations and cleft palates. 1 These malformations probably result from the sedative effects of the alkaloids on the fetus, leading to the inhibition of fetal movement. Veratrum californicum contains complex steroidal alkaloids that cause craniofacial malformations, including cyclopia. 6 The mechanism of malformation may involve the inhibition of glucose metabolism in the cephalic primordia.
The vitamin imbalances could include hypervitaminosis D caused by iatrogenic administration. 2 The high levels of vitamin D have led to marked ankylosis and scoliosis of the cervical vertebrae along with exostosis of the atlantooccipital and atlantoaxial joints. The mechanism is believed to result from the excessive calcium resorption and concomitant remodelling of bone in the head and cervical axial skeleton.
The spider lamb syndrome is a familial genetic defect in Suffolk sheep and is characterized by chondrodystrophic skeletal changes. 5 These skeletal changes are abnormally long limbs, inadequate muscling, angular deformities, thin necks and scoliosis, facial deformities, and general weakness.
In the present case, there was no clinical evidence to suggest a teratogenic virus, toxic plant exposure, vitamin toxicity, variant of spider lamb syndrome, or other idiopathic teratogenic factor capable of inducing a congenital skeletal defect in 1 animal.
The isolated nature of this OAAM anomaly, in a flock free of neonatal malformations, suggests a noninfectious cause. Although the etiology of this congenital malformation could not be determined, the rarity of the lesions in the absence of a teratogenic epidemiologic pattern of flock disease suggests a skeletal congenital defect. This defect would have occurred sometime between the formation of cartilage primordia and the differentiation of the ossification centers in the axial skeleton. 
Suprasellar differentiated germ cell tumor in a male dog
Abraham Nyska, Alon Harmelin, Gad Baneth, Boris Yakobson, Per1 Shmuel, Uri Orgad, Trevor Waner Germ cell tumors arise as the result of neoplastic changes that occur during embryonic development. 12 In humans, germ cell tumors are classified into germinomas and differentiated germ cell tumors. The germinoma is regarded as a pure cell line. 4 The differentiated tumors are further subclassified into embryonic (embryonal carcinoma and mature or immature teratoma) and extraembryonic (choriocarcinoma and yolk sac or endodermal sinus tumor) types. Each tumor represents the malignant correlate of a normal stage of embryonic development. 4 Valentine 11 reassessed the terminology regarding canine germ cell tumors in the intracranial site. He reclassified previously diagnosed craniopharyngiomas as germ cell tumors and emphasized the need to study additional canine tumors to better understand the classification.
This article describes the morphologic and immunohistochemical characteristics of a differentiated embryonal germ cell tumor (germinoma mixed with teratomatous elements) in a male miniature Doberman Pinscher dog.
A 3-year-old male miniature Doberman Pinscher dog was referred to the Koret Veterinary Hospital with a history of complete blindness that had been preceded by difficulties in identifying distant objects. Two weeks previously, the dog had developed exophthalmus, conjunctivitis, and polyuria.
The physical examination revealed bilateral mydriasis, lack of menace reflex, and absence of direct or consensual pupillary light reflex. Ophthalmoscopy did not demonstrate any pathology. The dog showed disorientation, proprioception deficits, severe ataxia, and circling. Hematology and blood chemistry profiles were within the normal range. Urine specific gravity was 1.010 (hypostenuria). The dog was euthanized at the owner's request.
At necropsy, a 10-x 10-x 6-mm dark red irregular firm mass was found in the hypothalamic area dorsal to the sella turcica (Fig. 1) . The tumor was compressing the hypothalamus, optic chiasma, and pituitary gland.
Tissues were fixed in 10% buffered formalin saline, embedded in paraffin, sectioned at 4 µm, and stained with he-matoxylin and eosin (HE), periodic acid-Schiff (PAS), and Masson's trichrome stain. Immunohistochemical staining for α-fetoprotein (AFP), a S-100, a neuron-specific enolase (NSE), a keratin b and vimentin b were performed on selected slides using the avidin-biotin peroxidase complex (ABC) technique. 5 Positive controls were fetal liver (AFP), peripheral nerve (S-100) brain (WE), skin (keratin), and small intestine (vimentin). Immunohistochemical reactions were graded as negative (-), slight (+), moderate (+ +), and marked (+ + +).
Histologic examination showed that the tumor grew by expansion with short invading neoplastic tongues penetrating the adjacent brain. The unencapsulated neoplasm was characterized by a complex mixture of various cell types and growth patterns. The predominant component, involving about 75% of the tumor mass, was composed of lobular islands of noncohesive medium-sized pleomorphic neoplastic germinal type cells with scanty acidophilic cytoplasm (Fig.  2) . The islands were separated by collagenous septa of various widths. The collagen composition was confirmed by Masson's trichrome stain and by vimentin-positive reaction (Fig.  3 , Table 1 ). The nuclei of the germinal cells either were From the Department of Pathology, Kimron Veterinary Institute, Figure 1 . Subgross photograph, transverse section of the brain Beit Dagan 50250, Israel (Nyska, Yakobson, Orgad), the Koret School of a dog at the thalamic area. Germ cell tumor is mixed with teraof Veterinary Medicine, Hebrew University, Jerusalem, Israel (Hartomatous elements and is not encapsulated. Note the hypothalamic melin, Baneth), and Life Science Research, PO Box 139, Ness Ziona compression. The arrow indicates the third ventricle. Some areas 70451, Israel (Waner).
are composed of lobular islands of germinal cells (A) or a mixture Received for publication August 10, 1992. of germinal, mesenchymal, and epithelial cells (B).
